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Abstract ; The collective, low-lying isoscalar transitions in are investigated in the framework of the random phase approximation (RPA) 
These states include the isoscalar states MeV) 3 (3 74), and 5 (4 48). Admixture of higher orbits with the particle-holc pairs already present in 
ihc ground stale, is taken into consideration Configurations outside the model space are included, approximately in polarization effective charges 
I ongitudinal C3 and C5 electron scattering form factors for these states are calculated and compared with the experimental data Overall agreements 
aic obtained.
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The theory o f  c o lle c t iv e  m o tio n  in n u c le i can  be treated through  
ihc theory o f  random  p h a se  a p p ro x im a tio n s (RPA) where the 
ground stale and the ex c ited  state are treated m ore sym m etrically , 
allowing both to  h a v e  p a r tic le -h o le  pair [1 ]. In the s im p le  sh ell 
model ca lcu la tio n , e v e n -e v e n  n u c le i are assu m ed  to form  c lo sed  
shells, and e x c ita t io n s  fro m  th is c lo s e d  sh e ll are co n sid ered  to  
describe the e x c ite d  sta tes . A c c o r d in g  to  R PA , the ground state  
as w ell as e x c ite d  sta tes  are treated  on the sam e fo o tin g , and all 
possible co n fig u r a tio n s  are co n stru cted  by rem o v in g  a particle  
trom the c lo s e d  sh e lls  and  p ro m o tin g  it to  h igh er sh e lls  lea v in g  
a hole state w ith in  th e c lo s e d  sh e lls . T h e  ground state and the 
co llective o sc i l la t io n s  ca n  b e  d escr ib ed  as a linear com b in ation  
of p artic le -ho le  sta tes . R PA  w a s  treated  through the re la tiv istic  
quantum  f i e l d  t h e o r y  b a s e d  o n  a r e l a t i v i s t i c  H a r tr e e  
approxim ation (R H A ) and a p p lied  to  the c lo se d  sh e ll n u clei 
J*uch as and  ^ C a  [2 j . In th e  p resen t w ork , w e  u se  the  
standard  R P A , b u t  a l l o w i n g  th e  g r o u n d  s t a te  to  h a v e  
admixture o f  h ig h er  c o n fig u r a tio n s  than that u sed  for  the RPA.
study the c o lle c t iv e ,  lo w - ly in g  iso sca la r  transitions in 
T'hese e x c ita tio n s  in c lu d e  th e  3“* M e V ) and S’”* (4 .4 8  M eV )  
states. T h e  e le c tr o n  sc a tte r in g  fo rm  fa cto rs fo r  th ese  sta tes
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arc ca lcu la ted  and com p ared  w ith  the ava ilab le  experim enta l 
data.
T he fam iliar RPA e ig e n v a lu e  equation  is g iv en  by [3]
-B  - A j \ Y j ( 1)
with
+ ( / . r V . . 7 7  'V I / ,;V 2 .^ 7 - ) .  (2)
Bu = (-I)*’-''-’ ( A V i . J T • JT), (3)
w here is  the unperturbed en erg y  o f  the p artic le -ho ie
pair p i V '  ■
T h e tw o-b od y  matrix e lem en t for particle-hole sta les cou p led  
to  angular m om en tu m  J  and iso sp in  7’ arc g iv e n  in term s o f  
particle-particle m atrix e lem en ts  co u p led  to  d ifferen t va lu es J, T
14].
X  and F a re  the a m p litu d es for  crea tin g  a p artic le -h o le  pair  
and for a n n ih ila tin g  a  p a r tic le -h o le  pair a lready presen t in the  
ground state.
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w h ere  the s in g le  p a rtic le -h o le  state w h ich  is reduced  in sp in  and  
iso sp in  sp a c e s , is g iv e n  by the s in g le -p a rtic le  m atrix e lem en t  
reduced  in sp in  on ly , as (5J
(5)
(6)
_ j  1 f o r T  = 0,
w ith
and /, =  1/2 for  a proton  and  -  1/2 for a neutron.
T h e  s in g le -p a r t ic le  m a tr ix  e le m e n ts  o f  the lo n g itu d in a l 
e lec tro n  scatterin g  operator u sed  in th is w ork  arc th o se  o f  R ef. 
16).
T h e form  factor o f  a g iv e n  m u ltip o larity  J and m o m en tu m  
transfer q is g iv e n  by [5]
p ( 2 j r , + l )  -T ;  0  T , y
«x:a, J =3, T  = 0. b = 1.9 fm. E. = 3.74MeV
(7)
q (fm-’)
F ig u re  1, L ongitudinal form  factor for the (3 .7 4  M eV ) isoscalar state 
in using RPA in com parison  w ith the data o f  R ef. [8].
w h ere - ( Z -  N ) / 2  . T h e  fin ite  s iz e  (f.s)n u cleo n  form  facun 
is  ,  (q) = e x p  ( -  0A3qV4), and F  ^Jiq) =  e x p  (q^b^MA) is ih t 
co rrectio n  for the la ck  o f  tran sla tion a l in varian ce  in the shell 
m o d el. A is  the m a ss  num ber, and b is  the h arm on ic  oscillator  
s iz e  param eter.
T h e  orb its in  the sh e lls  ]s, \p, 2s-ld and 2 /? - 1 /d efin e  the 
m o d el sp a ce  u sed  in th is w ork . A ll p o ss ib le  co n fig u ra tio n s are 
ob ta in ed  by p ro m o tin g  p a rtic les  from  the c lo se d  sh e lls  b ,  Ip, 
and 2 5 -1J  to  the n ext 1/ - 2/7 sh e ll. T h e  unperturbed energies  
f'p “  o f  the resu ltin g  p a rtic le -h o le  (p -h ) states are taken from 
R ef. [7].
T h e  H a m ilto n ia n  is d ia g o n a liz e d  in the m o d el sp a ce  in the 
p resen ce  o f  the m o d ifie d  su rfa ce  d e lta  in teraction  (M S D I) |4 | 
T h e lon g itu d in a l C 3 and C 5  e lec tro n  sca tterin g  fo n n  factors arc 
sh o w n  in F ig u res 1 and 2 , r e sp ec tiv e ly . A  g o o d  a greem en t wiili
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1E-4
IE -5  -
-p r - T
‘ OurRRI\
•  J piekarewicz
1E-6
Figure 2. Longitudinal form factor for the 5 (4.48 MeV) isoscalar Mak- 
in '*®Ca using RPA in comparison with the data of Ref (9]
ex p erim en ta l data is o b ta in ed  w ith  s iz e  param eter =  1.9  fm  for 
the h arm on ic  o .scilla tor s in g le -p a r t ic le  w a v e  fu n ctio n s. A lso  
adm ixture o f  h ig h er  orb its w ith  the p a r tic le -h o le  pair a lready  
presen t in the grou n d  state are taken  in to  co n sid era tio n , hui 
w ith  a m p litu d es o f  around 6% o f  th e a m p litu d es o f  the model 
sp a ce  (th e  sta tes \nlj) in the ground state  are m ix e d  w ith  the 
s t a te  | aH - 1 / / ) ) .  A l s o ,  th e  e f f e c t i v e  c h a r g e s  are  u sed  to 
c o m p en sa te  for the co n fig u ra tio n s  that are o u ts id e  the space 
c o n s id e r e d  in  th e  w o rk . F or  th e  p ro to n  and  n eu tron , these 
e ffe c t iv e  ch a rg es are =  1 and =  0.6e , resp ectiv e ly , for the 
3~ and = 1 .2e and e = 0.15e, for  the 5~ sta tes. T h e data for 
th ese  sta tes  are taken  from  R e fs , [8] and [9 ] , resp ectiv e ly .
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